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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the luminous 
efficiency deterioration and color slurring of a light emitting 
diode even when the diode is used for a long time under a 
high-luminance condition, by respectively constituting the 
LED chip and photoluminescent phosphor of the diode of a 
nitride compound semiconductor and cerium-reactivated 
yttrium aluminum garnet phosphor. 
SOLUTION: An LED chip 202 using a gallium nitride 
semiconductor is fixed in an enclosure 204 of a chip type 
LED with an epoxy resin, etc. An epoxy resin in which a 
(RE1-xSmx)3(AlyGa1-y)5012: Ce phosphor is scattered is 204 
uniformly cured as a molded member 201 which protects 
the LED chip 202, conductive wires, etc., from the external 
stresses. The cerium-reactivated yttrium aluminum garnet 
phosphor is scattered in the epoxy resin as a 
photoluminescent phosphor. 
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-mi>atmm^mi.^xmf&^ii^ctf)^x^^. ^tc. 

Ym^ 1 0 Akm^mmvfcm^xhXi.^. 

mi)^hM.xnmm^^tih^wm^^f^^tmx;^ 
^-)VYmm 0 Ao:>M.^mmAti^x\'x. ^ti, 
x:x^:ir^^i^mm. ^vrijfli. %y')zx-:^mmjiii<om 

^fc. w:WLm^i^x\t. ^^>^/^'y'^A. mit^^ 

■So fi£;i5j^KcmT^-Ji/Fa*r[|'{c^7^ F 

oT. :7:t F>'l/5^^'fe>;;^m3^6m3:^->'l^Fm**CC^ 
m^r4>J;i^o ^/c. n-f--^ >yaJ^:7:t F;V5 ^-fe 

tvfcmrj:^^u^m^^xnm^^xi^Bii.K ccom 
}VYmita-f-^>^mt^mc^t^^mi.>xnm^ 

•^T4)Mt^o :$:iM^B^Cc*5i^r-t-;UFg|S**tcffiiSE^J^ 

>Xf^t^j:c<!:^--;t.FgWt(0ff$t^tCi;-prt3:, 
ti/cK;t$[^Jt3:. ^--^u Fa5^t^fLafetc#fe^K3:BffMcD 

40 L E D ^ > eSfeffi ^ tl-S^^O^^Tic^^gT&M 3 0 n 

[0 04 9] m^mm) ^m^m(om:^'<^-\'^ 

(fmox. :^mM(Di^mktim(D^^'<:t-i=xj^^ 
50 ^^^^-Y^m^^t^'^xB^mrji^^M^mTn^ 


(9) 

15 

[0 05 0 ] tfc. :^mmm<Dm^df^:i--\'^m^^fc 

:^M^HJ<D^^i^^^-F5 0 ICJ^^vh 
-^^^Sti. RGBcD^Tt^^^^:*-'- K€r{l^^d:l>o C 

[0 05 1 ] LED^^^«. mW3^^'C$>^j^.j:imm 

lelt^Sr^SRAM (Random, Access. 
Memory) 60 3<b. RAM6 0 3 ^lat^^n^r 

-^^^6. LED^^^icD-en-en(D^7ic3^-r:t- K 

Fgi^$»Ji^lpISS6 0 4 <b . PgP^MIellJS 6 0 4 (OmtfiM-^ 
AM6O S^Mm^tl^y'-^t^hLEDrnfri^KDm 
[0 05 2 ] U/c?55ot:. aH^cOLED^^^tJ. R 

^ht^^cmmm\tx^^^ ^ofcH). sfficcRGB© 


l^mW- 1 0-242 5 1 3 
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^t-l" (W) <bUr^9(D$n<. RGBJC -E-n^ti^ 

^ X <=fc o r ^ (Dmmf)^mn's'^Wj: ^ :^ u ^ 

tt^-tf-i). li^f'--i?'-iatt^^"C^>^RAM (Ran 
dom. Access. Memory) RAMtcfS 

Ftc#^<Diis§^'i:>iii-r^o pgp^JWiim. 
RAmci^mrih^-^f)^h. ^n-encD^y>f:t 

:^-r'E»o ccr. afei^(D^^^tf ^it-^ti. rgb^ 
F^,'=^.fl'-r-S>'^Ji^xfi^(=!>^^vL'Xi|ii^^ 

^tcafe^^3^><:^■-F^cy^*>'^x^i-^^tti:^t■^. c 

[0 0 54] L/c^&^or. afe3^^3^^^:f--F^^M 

mm^ti^xcpv^^mm^^ct^m^Li^o mm 

Foo F^>r>'^'-tcA*^t^'C F^^>'^^:=^'Y ^^^> 

[0 05 5] (fi^«) :^mMm(o^yt^^:t- h'^m 
^^(o\mx$>^immtbxmmLfcm^. m^mm 

<DliISS^^7fe^'r^-FPiUTfik^. ^Tlc^^^-r^-F 


(10) 

17 

-^«^R?f^ WciSj- ^ # ^ C <!: BJtg tfji^'hO) 

leg ^ ^ c 6 ^^c^d^^mcmm-r ^ct^^x^ 

[0 05 6] (St^^*7fe?^) :*:^^<D^7fe^i^-r ^- 

SL^-" h 7 0 etc^w^it-So ab'5l^«>'^'>r>^-^^fli 
i^tjctSrSLi^- h7 0 6^^^!j;^j:^^#>^- h«7 0 1 

llS^7 0 3rttCLED^y>^7 0 2^S^-r'2>o LE 

D^yy't mmm^^ ^->t (Dmnmrnm^WL'^ tcm. 

LED^-:.7*7 0 2:;5^Slg$n/c^g^7 0 3±tC^ 

ai>afetSt£L^J^5^W5ti/c:7 ^ ;t'At^cDJ^|^gm7 0 7 
^m^^^nm^\^±^'i±X^^^ cmcj:0. LCD 

m:ti.xmmr^m^u. 2t7fe^7 0 4cD^M±tc:F^ 

[0 05 7] 
[HJfeFil] 

(llJfe^?!!! ) ^^^T-<bOr^3fef-^';6M 5 Onm. 
^fiiilii3 0 n mO I n G a N4^#f*=&^etCffiC^/Co 

(h V^^Jl^iJV^A) iJX^ TMI (h';^^>'l-Y> 50 


nmW- 1 0-242 5 1 3 
18 

/^•>F;^7X<!:b'CS i H.iCp.Mgi. 

c i J: o r NM^mtt-^ pmmm^^mr ^mttf 

fi^f^4 0 O'CJt^i-CT^-il/^-li-r*^, ) 

[0 05 8] x.y^>^(^^K^PN^^i^mm^mm 

i^r L E D :/^JfM^ -^fc. 

[ 0 0 5 9 ] 11^ ^ Ufca^i^ II - F ACD^feMSfC 
:^ F • FtCLED?^ ;'>^^x;K 

mt-^^y F • F;5^o'>r>:^- • y- Ft. 
[0 06 0 ]—:^. F;u^ ^•fe>;^^7fem3:. Y. 

G d . C e CD#iJI^^^{t^S^i:tr^^^^ L/c^ 

^{b^^i. ^{brjb^^^A^il^Lri^^i^^ff 
■5, cH^y'yy^yf.tLxyyitri^'es^^A^u^ 
iyxim^ik^. mn^i 400* G<o?asr3B#r^«E 
0^Lxmm^a^mfc^ mm^a^^^^x^r^-ju^jvLx. 
mw. ^m. mmm^mhxm^^^^tfc. y^ 

(;tf Fy^'^A) xmzmmM^tifc^ f y^^^A • r 

jl.^;::.^A^^bie3<!:Lr (Y3..Gdo.J 3A 1 ,0.^ : 
Cemm^tifc. tj:^. Ce(DfflfeJ3:, 0. 0 3r^> 

[0 06 1 ] mf&^tlfc (Ya.sGd,.,) ,A 1 ,Oi, : 

cem^»8omm^. xd<^^y«ji§i o oMt^J^j: 
<ii^urx^ y-i^-ti-Zco ccD;^^y-^LED^ 
:/7)5iSg$nfcvi; > F • y - F±cD:^ •> t^rttc^A 
^i^fco aAf^. F;U5 4^-fe>>^m7^(*7&^^W3n 

fcmm^i 3 0'cim!'^xmit:^^fc. c^l-cled 

^->':/±Jc;f$ 1 2 0mco:7^ h ^'^>:^mMi^^^ 
-f>y^H5^c{i. LED^y':rcc\^f)^'DXy^bJV^^'^ 


19 

[0 0 6 2 ] c ^ \^xnhfxic^^.ii^mit'^wm% 

-en^n. feS,-=^, (x = 0. 302. y=0. 28 
0) . fe?a^8 0 8 0K. Ra (vHfeffi^l^) =8 7. 

^{i9. 5 1 m/w<LSfe^^-C*>-:?/c„ ^h^m^ 

Ajim. 0'C9 0%RHT'C2 OmAiimo^t^ 

»fe^^^^-F<b^1t14tc^^^):cc^c<h7&^^^r 20 

[0 0 6 3 ] (i:b^^l ) :7:t h^V^^-fe^xm^lcft^ 
(Yo.»Gdo.,) 3A 1 sOaz : C e7&>6 (ZnCd) 
S : C u . Al i L/cmti. ilifeW 1 il^^CC UT^ 

or&i. 1^1 0 o^r^rtti;^355-fe:utci^c-:,/co mitmm 
[0 064] cnti. mtm'f'<Dmtyttm^mci^m 30 

^IS3&5Mfe^^feO/c^cOi#A6ti>2», m2 5-C2 
OmAiim. iaS6 0**C9 0%RHTT'2 OmAii^cD 

^^^3^^^^^ 1 i^tcs 8 cc^Tc 

mm 1 •c^>o?s^?:)^J:t^^?5 1 ^t^^-t. 
[0 06 5] {mmm2) l e d ^ y'omitmmit^ 

*-i'^4 6 0nmiL/Co IhI^CC:?^ h;l^5^^-fe>X^ 40 
^{^tVXmMmiJ:^hGdo:>^mm^m^L (Y 
,.,Gdo..) J A 1 sO., : Ce <b O/cit^^l-tJlUSW 1 <!: 
|5l^{CLr^y>r^-F^l 0 0^?g^L^ii^% 

[0 0 6 6] c ^ Lxmhtitc^^^^m^'^mtiim^ 

-en-en. fe^,^. (x = 0, 375. y=0, 37 
0) . fe?aK440 0K. Ra (?Sfe14}iiSt) =8 6. 


1 0-2425 1 3 
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^ioo%iuioo omrmmmc^^i^w-m^m^ 

Cti)m^^X^tCo CCr)3|]5S^a):7* hJUS^-^-feVX 

•^i' h;i/^. S 1 0 (A) . (B) . (C) oc-eti-en 
[0067] immms) y:t h)i^^^-^>::<m^w^ 

Y. Gd. CeCD#&±M7nmmSm^^W$-t± (Y 
o.jsGdo.wCeo.BjSnio.oi) 3 A 1 s OizMT^Sf^i 

fckimt. mmmi ipj^tcur^Tt^^^-F^ i o 
omm^vfc. c<Dm^^-(:t- f^ 1 3 o ^ccdj^ut 
t>cidi^>X}^.j:i:^^xi>m^mi<Dmt^^t-\'ttm 

[0 06 8] (mmm4) :^mmM<o^yt^^:t-h'^ 

mmotc. mmmi tmm^oxmfiSL^^i:fcm:^^t 

- F ^m^^ ^ - >^mf^^ i±tc^y^ V 5? ;<S^±cc . 

1 6 X 1 6CDV h g i'xt^^igg^-ti/co mmt^it 
^^t- Yutuw^^^^^m^^m^m^^x^^^^m^ 

t*^^^> h5Cj:t3llfeCClffeL/c^"Jn>rfA4 0 6 
J:-:>r?ta^i^/<::o ^eof^. "SM. 7 2B$rari>y:3> 
nA^iigft^ii-LED^^^^ff^^^-lf/Co CCDLED 

RAM (Random. Access. Memory) 
RURAM^m^,:^tl^y'-^t^^^^y-(:t- F^^ 

pucDigsij^i^i. ^^m&^jccg^^^-ti'rLEDa^^i 

LED^^^^Iitt$1±ailLED^^ 
$|g<b X^XWmx^ ^ C i 

[0 069] (SII^£?!I5) ^W5(D^y>f:*-'-F 
do.s) 3A 1 sO„ : Cer^$n^m7l£*^^C>fcJW 

^i-tj. mm\ tMW^x^x^^^Ai^-v^x^^m 

(^i^fii) {J ( X = 0 . 450. y=0. 420) 
3^^^^^^-- Fti. |l5Sf?!llc0^3^y>^:t-Fii:fcl50r 

mt^A^-'f(D^mt7.^^Y)\^^. m\ \ (a) . 
(B) . (c) tc^n^n^urc^So 

[0 07 0] (3IJiW6) ^^?ll6C0^7fey>r:t'-F 

(3:. y ^V)\^^^^i:^:^mtWt\^x—m,^^,A\,0 
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mmf'CLxmt^'i^-h'^i oomnm^i±tc. mm 

012(A). (B) . (C) (CTjkLXi.^^. 

[0 07 1] (mmmi) m^m7(Dm:^^:t-h' 
\t. y^b)\^^^-^y:^W.^WtiyX-m^Y, (Al 10 

x^KiM^-^m^^-yfc^ i^^^L. m^^^^^^xitm 
mmitmm(^cmtifcmm\^^fikoxi.^tc. c(Dmmm 

(A) . (B) . (c) tCTTbrc^^o 
{J. y ^ V)\^^^'^y:^m%^tLx~m,'AGd, (a 20 

[0 07 3 ] (IIJgFdQ) Hlfe^QcD^^^^-K 
tJ. yitV}\^^^v'^>::^mit»tLX—Wc^y,\n^ 
Ox. : C e r^^ti^ A 1 ^^^)^^l^m:)lc*^fflC^/ci^ 

mt. mMmitmmchxm%^^^-v^\oom 
tm^^^^^^^xmmm i if^^^can^rcitf^i*^^ 

[0074] 

h U.^A • TJl^^^'^A • h^^**-^ (RE 

t-xSmJ 3 (A UGat-v) .O^, : 0 6^7^1*^^^ 

'^t*-*^ ctt^cj^y) ^^mmmm.^oymm^c^i^^xh^ 

^K.m7r-<ommmt\^xmfctm^^m< ctt^x^ 
ho ^^c. immm^cm^^hH^y ^ F;u5^-fe>xm 

^^^-C^D 1 2 0 nsec<bt^^i£;gjf^^W 


:^ll^l 0-2 425 1 3 
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[0 075] m^. :mmm(om^m 1 $/ctj 3 cciatg 
(om^t'thc.t^iCX^Mnm.. w^fm^m^^^^^x 
hn^ti. ^^m<Disrftim^x^j>rj:{,^B^f)i^yt 

ctf)^x^h. tfc. mmmttci^^mmomrmm 

[0 0 7 6] :^^m<Dn^m2x^m^m4(om^t'r 

hyjmnmf)^<i:\^>. ^fc. mi^^t-i'tfC^i^^x^cm 

F;Ui ^-fe>xm7fe^*^<i;-^'C^nJ:0 

mi<oit^nm<k<^m^hcti)^x^h. $6tc. 

5 tx/cTfetJ L E D 5^ > 6 Stai 5 n ^ 7fe<t 0 ^ ;g 
^(Dfci^. y:th)i^^'^y:^^^i^^j:^^c^r>x^m 

^mmmmx$>h'7oyh • FM^ci-ccj^tstsi^ 
nr 4>LED^t'7*tci^jR$ncc< ^(otci^(fCy:t 

F;U^^^-fe>X^*mcJ:0^^$n/c3fe75^. LED^ 

> F • 'J - FO;^7 V zffj: EX^m^tinm.^ < 
[0 0 7 7] :$:^^cDft*^5cD^^<t-r^C<i:tCj: 

-^^^ Fi-r-2>c<t3&^r#5ci^cjfjn^r. mt^^t 
- Y^wmw&\^xum.\^tcm^ici6i.^x^mfo(om% 

tt^X^h. jim. LED^--^:/;S^6«cai5n^7lc(J. 

mm^tifcyt^t. LEo^^^^'UffM^n/c^cD^i 

-7* FJU^^-fe:>X^7lcmcJ:orLED 
—txm^^ 5 1± 5 C i ?&5r - > ^ i ^ 

[0 07 8 ] *gi^H^CDli3}c^6<Dlt^i-r>SC<!:K:<t 
f)^X^h. 

[0 0 7 9] :^m^m(DmmMi(omfiSLtrhct(,cj: 
0 . mm^xmnmr;: led ^^s^g^mis^gtc 


(13) 
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J: o r fetf 6 (Dii>i^j: C i L E D ^^^g <h -r C i :6^r ^ 

[04] 04 (A) :^m^m(fcmm^ti^y ^ h )i lo 
(B) :^m^m(^m^^ti^y ^ h;i/^4^-fe>x^ 

[05] 05«. :^Bi^Hj0^7t^-<^- K^fflC^/cL 
E D^i^g(Dli^0r$>-S. 

[06] 06«, 0 5^ffiCi6n^LED^^MCD::/' 
n-^ i'0r$>i». 

[07] 07 tJ. :$:Bl^H^cD^7fe^-<:t-' K^ffll^/c^O 
<DL E D^^@<D^^C0r'^-2>, 

[08] 08 (A) ^j. :^m^m(ommmi ttmotc 20 

i^(,Cm 0 fctmm 1 <DB^ ^^t-h't CDSS 2 5 2 
OmAjimklfcC^ta^^^i^^^b. 08 (B) {t. :^ 

b't<DUm.6 0"C9 0%RHTr2 OmAiim 

[09] 09^j. ^mmm<omyt^^^-b'(^cmpiRG 
geg 2 1^ /ca^^goa55>iEffi0 r ^> o 

[01 0] 01 0 (A) tJ. (Yo.sGdo.^) jA 1,0 

Tfe^CD^TlcX^i^ h;l.>^^-r, 010 (B) tJ. ^t*-- 
^2g^S7t^4 6 0 nm^^T^llifS^2 0L ED^yy^<D 
^Z^P hJl/^^-r, 010 (C) tS. j|ti^2CD^ 

[01 1 ] 01 1 (A) EJ. (Y,.,Gd,..) , A IsO 

Tl^i^CD^^^y^--^^^ h;U;^^-r„ 011 <B) EJ. 

5 0 nm^^*r-SIISS^5(7)LE ;^ >^CD* 


JNfI^^ 1 0-242 5 1 3 
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h;!/^!:^^-, 011 (c) {t. mmm5(D^ 

[01 2] 01 2 (A) tJ. YaA 1 : Ce^^S 

^V)\^^n^'r. 012 {B)\t. ^b'-^ig^S^U5 0 
n m 6 (DL E D ^ :7*©^7feX--c h 
^^T, 012 (C) EJ. llife^6C3r)^^f>f:t-K(D 

[013 1013 (A) (i. Y3 (A 1 o.sGaa.s) ,0 
„ : Cer^$n€>IIISe«l7©7:f h>»P5^ ';.-fe>X® 
*i*CD^7lcX-^i7 H>rb^^r, 013 (B) Ei. ^t*- 
i^^;g;!>U5 0 nm^mr^mmmi<OLED^ jy'o:> 

mt^^^ hiu^^-To 013 (c) \%. mmi<D^ 
ioi.7oi---7:i- ^•fe>x305^w^nfc 

1 0 2. 2 0 2 
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1 0 4 
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1 0 6 

20 1 
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20 5 
50 1 
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5 0 6 

6 0 1 
60 2 
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[BnB] ¥IS1 1^(1999) 7>g30B 

[^mm-^] mmW- 1 0-24 2 5 1 3 
l^mB] ^^10^(1998) 9^1 10 

[^mnm ^mm^^JM 10-2426 

[ttiEi^-^} mm^9~2 18 149 

HOU 33/00 

G09F 9/00 337 

H04N 5/66 103 
[F I ] 

HOIL 33/00 C 

G09F 9/00 337 A 

H04N 5/66 103 

mmB] W-J^l O^QM 1 3B 

mm^] mmm 

tm^mt^mmmt'^^^^^h 5 l e d ^ 

gulBLE D^y hJU;&UO 0 nin:0^6 5 

3 0 nmCDmfettb*->;j^g^^3^b. 1(115^3^^3: -fe 

^^^f^e^-'F. 

[if 3 ] mi^mmmmf)K ayy 
^^m<DmM^^^- Fo 


[|g^]B5] mitB::3 -7- -f > ^ gg<D^MfgJ^^ 6 LED 
it^^ir- Fo 

tc^itmtmimmt^'=mw'chhh e d ^ 

HliiBLED^y^'^j:. ^T^^X-^^ 0 0 nm3&^6 

5 3 0 niiiOO^feab:-^^:g^ffe)lGb. fyflB^jlc^^j: 

y F ^^T^^r ^ ^ . L E D ^ y'i)^h<D^'BL 
F o 

x<l. O^y^l. REti. Y. Gd:^^63MtR^n^ 

[ 0 0 0 n 


^mW- 1 0-242 5 1 3 


[0 00 2 ] 

[0 00 3] ^^^-[:t- I'lmm^ti^mytmco^^m 
mm^^W[,m^'ii^cti)^^mx^^. ^/c. mtitc 

[0 0 0 4] ^ I'^tmtltcm 

^^ti^n'^mbxmyt^^w:WLU^^ii^£^^^^ 
^(D^^^tyt^i^^m^^c^i^^xii^^. B^WiRiJ^ 

^ti^timtj:^m-i^mi^^xmf&^tixi.^^m^. 

mLXJ^^^^^^-^tMti{trj:^tj:i>. mmc. ^ 
m»m:m'^x$>^fc^m ^ (oum^mo^'pmmmt 

^m^m^mtLXOt^. 56CC. LED 
[0 00 5] -ecr. *:«IiiAtJ5feCC L E D ^ :7*C0^ 

it^^'^itwx^m.^^'^fcm^^ ^ FiUT^^ 

^5 - 1 5 2 6 09-^^R. ^|g^7 -9 9 34 
CD^7^^-r:t'^ FOcJ:-:?-C. 1 S?g<D L E D ^ 
[0 0 0 6] MzW^^Clit. ^m<0:^^)\^^-'f'^> F+* 

1- vy'i)'^i^^i.^'LEX)^vy*^'}-Yyi^-2^(o%mc 
m^^hfifctivy'i.u^^cmm'rh. x^ex^^jztu. 

^M^-r 'S^fli^-;^ YUn^U i'tc L E D 5^ ^ 


[0 00 7 ] LED^':/:^^6cD^^*igS^L'/c^ 

i)^X^^o 
[0 00 8] 

n^m^mt. mytmn. m^mn^ ht^c^tmm. mm 

-So 

[0 00 9] {^iPhUii^h. W.^<0^^>h<Otf^h^\^^'{& 

g^i^^T^ii^. mkn^i)^w^xmAmm^^)^t^ 
^tc. LED^yy*mm^c]5mbx^m^tifcm 

/di^tcfcl^r ti. L E D ^ :7>6^7i&L/c*?&^pJiS 

^mi'C$>^ti^>'DXhyt:r,^)u^-f)hji^^mmc^< 

iHiL^inm^^i&Tt^m^'^^^^o ^m^cLED^v^<D 
^i&mf'cm^'f^titcm^w^t. l e d 5^ yo^^-p^s^ 

Fti. -mmf^cmm'^-)i'¥f'mm^nxm^ 

ib<D^:i^:^^}\^^-ytPm^C^'oXm^i^mm(0^it^U 

y y"i5:mx{mmm^(^j:^mm.m}^mc 0. & 
i^r i.^yt^moi^rp^'rtKDmi^x'pfxi.^^^^^ 

[0010] 

<b. COOLED^ ;'>'*tC^mtt'7'r'¥-^ffll^r^Me*J 

ccs^$n-s-f • y-Fi. LED^yyo^yt 
i^c^-^xmrn^nx ^it~r ^m^i^^^'^-r ^mmmm 


1 0-242 5 1 3 


o:>^^:K^^bMt. 40 0 nm75>65 3 0 nmCC^Tic 

tt. -fey '^A-C{^r£5fi/c>f h V»^A • TJl'^ ^'^A 
• fJ-^ y hJf^mytWX'^^. L E D ^ V'ti^hOytR 

[0 0 1 n ^/c. *f|0J<D^^^2O^3lc^^^>r^- K 
[0012] 26^C^/c. *:^^&joif^^4tciaig-r 

[0 0 1 3 ] t/c. :^mM<om^'m5<oB^^'(t- f 
[0014] ^ ^cc. *^H^cDft^]i6 cctait-r ^^tIc 

-6^ LE D5^^> ^^'tJ. g^ ;'7'^^:7*LED<7)Hi*Wcgg 
-^l' F^ttti. ^HJiJfll^ LED^y y*^mmVX{.^^ 

hMt. 4 0 0 nin?&^65 3 0 nmCC^b* 

Xi^m^ntc-( y h'>''^A * r;l'^^':?A • ii-^y Y 
m^M^Xh^ c L E D ^ -y'ii^ hO^Vi^WtWiP h 

[ooi5]^/c. m^m7t,cumvx\.^^mtd^^t 

^i^^. (RE^.^SmJ . (A 1 vGai-v) sO,, : C 
et-r^c fcfcO. C<omf^(tCi6l>X. 0^x<l. 

4>l@r^'So ^6iC. L E D 5=- 7 :7*ta. ^tIcJI^. ^ 
^ t:^ y ^ A.^^b^¥^f* ch ^ 6o 
[0016] 

"prm^^ccfcti-^T^xtwi/^'-mi^fi^m^LE D 

[0017] -rfj:t>^. m^^-tt- F^cffil^en^L 
ED^y:ftbX\ct. 


1. LED^yy'<Dmy(Mm^^mm<omm^mLx^ 

2. m^»^mm^^^:xmrmm^n'^<ot^c+^tj:m 

-ojmX^^Ctf)m^htl^. 

1. m^mcmtixi^^^ct^m^^ti^. #cc, ^t^^ 

^<Dm 3 0 6 4 0 h^J:^^f^M^mc 4>+^ 

2 . ^^m^ftou^^mm-r^fL^m^^mxittfj: < # 
^mmtxmm^ < f^^^-r ^ c i o 

4 . m^m^m^cm^^ri^tc^um^mmwx^ 

6. f^^>r:r-F(Dffjffl]^JStcf£;Dri^<^^;!>^*^c 
i ^(O^t:^^ ^ c i ^^^a6 6 n 
[0018] cn^O^fr^^S/cT^CDi or:^^B^ 
CD^7fe^^''/:t- F«. ^MtcWx^;l/^'-/^'> F+> 
>v :7*;|:Wt-'S^fl::^ y M.mt^^^mi^m^t . :? :t 

hJi'5^-fe>x^3fe^'C^€.-fey '>Ar{^rg$n/c-Y y 
^f^^^. ctitci:D^^^35>^ Steffi 5 nfc^m^feiiss 

^m^X'ptj:i^^yc^ ^ b't-r^ct^^x^^h(D 

x^^. mc. mitmmit^^mw^LxinGaN 
om^^itt. ^sy^ATf^^n/c^'v h y^A • r 

#NigtcM<-^brc^^o ^/c. -fey ':>Ar'f^5ti/c 

-f ^ F y »>A • T)i^^^^J^ • h3^^*1*CD^ 

f^i^m^xmrntmrn^m-t^. 

[0019] M^v^mumt^^ Y<o-m^m i cc^ 

-To >'*37>f::^LEDcomft2 0 4Wc^{l:;^/y»>A 
,^4£2f{$;J:ffil^/cL E ^^'2 0 2 ^x4<^v'<ail^C 

^^m^^^xm^'^'^xhh. mm/^E^y ^-^-2 0 3 LL 

LED^'>>'*202 co^mffi<hmi^tc^t:f 6n 

(REa.xSmJ , (A UGa,_v) * O,, : Ce^*^ 
^:t-^^^^ymmmcU^^m^mch<0%l.E D^y 

-)\^ FSPM2 0 1 1 i^r^— tciiitffM^-tf^o coct 


^mW-l 0-2 42 5 1 3 


ED^y-fZOZ^myt^i^^o L E D ^ :?*2 0 2 t!)^ 
[0 02 1] ^mm9(fCi6i.>X ^ y h y^A • TJI/^^ 

'^A • ;?7-^ h^m^mtmcjj:mi*cmmr^h<ot 

-r y h y^^'AO— asab-Sl^ti^ft^. Lu. Sc. 
La. GdRaSmtf^bf^^m^^^m^m^'J>rj:< ti> 

Gat I ncDi^M^^fc^myjvm^'r 

[0 02 2 ] mifCmL<\t. (RE,_,Sm,) 3 (A 1 v 
Ga._v) ,0r, : Ce ({10. 0^x<K O^y^ 

^mc\t. LED^ y-7>6CD|£7lc<i:7:f h;U5^-fe> 

mxmt^^mm-rhct^x^^. ^tc y^hJi^ 

[0 02 3 ] ^6}c. h;u^^-fe>;^m*fttD#W 

h ;u ^ -fe > mi*?^^^ W 5 n/c n ^ f - > ^SP-^^ 
V%m(omm\m-' e l e d ^ :7*ccr&i:?&^ r 7 h 


W^^^ L E D ^ T?*;^:^^^-;^ F^<vt^MroCC[^?&>o 
t:rii''n>3&^LED^^:':7*7&^6CD#£^. PJl^^gt^C i*<Di$ 

mi)^ ^^'ptsi<y*V)V^^^^y x^Tfe^co^lb^ftp^J 

[0 0 2 4] mmm<oy^ h;i/^^^*fe>x^3fem*. 
^^hED^vy'tm-Th. ^hKA-ximhxmm.^n 

mM^m.tLX (Ee) =3W- cm-'li^±l OW- c 

[0 0 2 5 ] *M^0.^CCffil^6n^>'^ h;^^:^^2>X 

<. ^4iC^-rJ:5^. Sliax-^i^ F;Wt:-^:$:4 5 
Onm{^ifi^C^-&SC<!:3;»5r^^„ tfc. 
^4(C^*rJ:^CC. 5 8 0 nm^^^c^f] 7 0 0 nm^ 

[0 0 2 6 ] ^/c. :$:m^B^cD>' F;l^^ ^•fe>;^^7t: 

mt. ^^B^cGd (:^K';^'^A) ^^wr^citc 
J: 0 . 4 6 0 n m\^:x±(D&mmm<Dmm^ytnm^'m < 
'r6ctf)^x^^. Gdo^mmomm^c^^. 

t^y hT-5o ruf^%. fr^^<D^\.>^it^i)^>jmum 

[0 0 2 7] ij-^^v VW^^n-z^ici J 

t^A • r;l/5-:^»^A • V^'^%{^COimL<Dfy. 

^ci^yvf^o tfc. mm<DY(D—m^Gdxm^'r^ 

[0 0 2 8] A 1 ^GaCC^^ii^Jt^. m^M^t 
^^m^^mmbXA 1 : Ga - 6 : 4f)^h I : icom 

Gd-CS^f^Ci&iY : Gd = 9 : 1^^^ 1 : Q(Om 

tfc. Gd '-^(om^i^emi^JL^x^t. 

ED^yy'(D^^M&^Cj^6-f)U h »JOA • TJl^^ 
• ;^7-^^ y I ^M^W<DmJ&<D[f^Y : Gd = 4 : 1 

^^h2 : 3(ommtr^ct(^c^^ imm<D^y hvy 


nm^l 0-2 42 5 13 


-Yt-r^Ct^^V^^, tj:^. Y:Gd-2:3<fcO 

^mt. q = 0 . 0 3 <Dmyt»(D^ym&^ ioo% 
tbfcm^(^cmi^¥^ymm.v^^o ) o. 003?*^^ 

Vict. Cei^cj;:^y ^ h)i^^^^'^>:^<omBmyt^'^^<D 

m:^w^'r^ctvmmmrL. 0. 2J:oa 


CD l« 

c I Eeaa^s 

W S 

Y 

ENG 

X 

y 

Y3Al50t2 : Ce 

0.4t 

0.56 

100 

100 

Ya OV lB,6GaB.4) 60,2 : Ce 

0.32 

0. 5fi 

61 

63 

Ya (Ale.sGaB.s) sOie : Ce 

0.29 

0.54 

65 

67 

(Ya.sGda.e) 3A IsOia : Ce 

0.45 

0.53 

102 

108 

(Ya.sGdii.d) aA l50i2 : Ce 

0.47 

0.52 

102 

U3 

(Yn.-iGda.c) 3A IsOia : Ce 

0.49 

0.51 

97 

113 

(Ye.aGdD.s) 3A IsOia : Ce 

0.50 

0.50 

72 

86 


^ [0 02 9 } :*:^0jc7>-7:^- ^-fe>;^^3feWJ. 

-r-SCtJ&^pJtfe-C^-So tfc. 2 54nm-^36 5nm 
U^:<DHg MBTm^ t ^ t^BM 5 4 5 0 n mi^^ 

=^d:^cD«fei^L E D ^ yi^-^^cD^iiC^^m^nm^m 

[0 0 3 0 ] ^ui. :^mmM{^cmi^^ti^y 4: h)i^ 
^ 42 > X m^i^(Dmf^ <b m^^(o~m^mr. ( ^^j: 
ti^^frti. 4 6 0 n mo^^ytvmmLxmmi^ 

[0 0 3 1] 

[^1 ] 


[0 03 2 ] ^fc. ^ftJ^/y-^As^^^i^^ffiC^fcLE 

• iJ-:^ :^ hMiti^ (YAG) ^C^l^^n^O 
^-7^^^ (Sm) ^^W5-t^/c>':t h;l/5^-fe>X^ 

[0 0 3 3 ] CCDJ:^J^j::7:t h>'l'^^>'fe>xm3!6m^. 
Y. Gd. Ce. Sm. A \RZ^G a. (DmUtLxmit 

tih^it^mmtx+^ifcm^Lxmm^n^. xt*. 
Y. Gd. Ce. sm0m±m7€m^it^&mitxmi^c 
^mLfcmmm^Bmxi^n:Lfch(D^mfj^bxnhti 
^^nmimt. mitr)i^:^^j^. miMv^j^t^ 
m^bxu^mn^n^o cn^cv^v^T^tLxyv 

is5, ^ct3 1 3 5 0-- 1 4 5 0° 0<O'U^mmX2'^b 

)Vhx. m^. ^m. m^. mmm^m-irctxn^ 


Cti)^X^6o 

[0 034] Sm^^Wr^ (Y,.,.«..Gd,C e,S 
45 0niiiCDWfe7lctCj;^Sia (2 5° 

(2 0 0" c) cc:te&t6^7WScDt0>(*fii (%) -e^L 
) 

[0 03 5 ] SmO^^fitSO. 0 0 0 3 ^r^0. 0 

scofEHrias^^^e o%J[^±<b?:c0^^ui^<. c<o 


^mW- 1 0-242 5 1 3 


[0 03 6] :^m^m<D^yt^-(:t- Ktcfcl^TCCDJ: 
^rj:y^h)l^^.-^:y:;^mytmt. 2 ^]iJt±(0 (RE 
i-^Snix) 3 (A UGa^.,) ,0^, : Ce^^ h;l^5^> 

a , Y;5^0'G d ^ S nKD^WS^If^MJ'j: -5 2 @SIJW±CD 
(REi.,Smx) i(AlvGai.v)sOi. :Ce>':fh 
;i/ 5 -fe > xm^l^^^^-^ 5 #r R G B CD?g;a?^i>^it 

[0037] (LED^'>:7'102. 202. 702) 
LED^yy'itt. HUC^-Tct^^C. -t-j^K^MlO 

(—m^ I n,Gai A UN. iBO. 0 ^ i . 0 ^ j . 
0<k. i + j +k= 1) iurt^:. InGaN^^M 

J: ossi^c I n G a Nmo^mw^mytrnt hxm 

^?-t±^o ^^^cDliiii ur^i. M I ss^. p I N 

y y^om^m^ I n G a Ncom-fi^^F^^iT^ C 

[0 0 3 8 ] mttfv ^Amit^m'=^^w^m^Lfcm 
^mi^mmitatv-yr-i^. xt*^;u. sic. s 

V ^ j^^mm^'i±^tc^(^c[t'^y r 4 ^mi^^mi>^ c 

t^mtVi^K C<DV'yr^^mW:i^CGaN. AIN 

iit. :^m^^v-y'Lm^imvNmmni^^frs'r. m 

^l^m^^^m^U. NMK-v'OhiOTS i . G 
e. Se. Te. C^^MM^AT^ C bl>o 

^K-^^'> Fr^^Z n. Mg. Be, Ca. Sr. B 
a^^F-7-$-l±^. ^^t;?7y^A.^^L^^¥^mJ. 
P M F - ^* > h ^ F - U /d -e ta: P ^ ^ b L 5 c < I i /c 

6- 


[0 0 3 9] ;^tc. Jf^^^n/c^igft'j^x^'N-^^.S:^^ 

dfv-tfCj:^m.my)it;yh-r^^\ mtjj^um^K^h 

y F M^mmmmmwit^ x ^ ^ >f ^ ^' tc o mmi^ ^ 
mmmmc^\{.^M^. ^\-Mc^'^xo:i:-^^-^m^^m 

[0 04 0 ] :$:^mm(Om^^-(t- FtC*5l>r fife.^ 

m^%^mnr^im^^mLxMy6mj-(DMymmt4 

00nmt^±5 30nmOT?5W^L<. 42 0 nmJ^ 
±4 9 0 nmJWTT&UO^f^ LC^ V.EY^^ -jy' by ^ 
F;u 5 ^-b>xm7^i*i(D^A^^-en-en J: *3fSi±$-t^ 
^/ci5tcE*. 4 5 0 ninJi^±4 7 5 nmi^T^^$6tC^ff 
^UC^ :*:M^?goafe^^^'r^-FcD^X^^ 
F^b^S 3 ^C^n-Tc 4 5 0 n mY^^CC b: - ^ 
3j>^LED?^';^r''^^6©^r^^0. 5 7 0 n mf^jfitC f 

- ^n^wtm\^ E D ^ J: ^ rijia 5 n/c >' =f 
"^vy'i^xLiVi^x. m.itw^mm\^u\.^v.E\^^v':f^- 

[0 04 1 ] :P:*&^jccti, y ^V)\^^^^'>7.'mtWt'^ 

immmmmmt^^mwxh^i. E\y^j ^-tc 

ASIt^J^^ >C> ^ A ;^ U A t;U 5 - 
bx^^LE^^yy'^Um.^^±^o 7:t F;U5^^-i2> 
x^7lci$>l:liiao?^j:i,iLE D^ >:7*7!)>6(D7feti. 

[0 04 2 ] 1 0 3. 2 0 3)2g^t4 

7^-^- 1 0 3. 2 0 3^^X63;. LED^'>:7*10 
2. 2 0 2(D^^<bCD:t-5 '^'^tt. ^M&^^Mtt. ^ 

SiUrt^O. 01cal/(s) (cm^) (^C^c 
m) ti±:?&W^O< . j:0^r?iU<tiO. Seal/ 
(s) (cm') CC/cm) i^Jir^^o ^/c. 

<$> 1 0 /zmJ^±. <I>4 5 iLimOT"C^6o ^ItCC. ^ 


10-242513 


2 5MmJt^±;&5j;os?^L<. ^^mm^m^M^om 
m^^^ctt^x^^^ 

[0 043 ] (V'i?^ h • K 1 0 5) h • 

-KlOSiUrti. LE D^-:; ^''l 0 2^iB^$-ti'^ 

h<oxh^. ^^^^:yYmwjitxmms^(Di^c^5^t^ 
> h • y - L E D ^ :y y'cDi^mmmt bxmm 

y K±cr);^7 7*rt^C L E D 5^ 7*^iSg-r ifttC^ 

7fef*^(^a5jc?t«^-tf ^ii^jj. jas bridge -^/iij?!] • 

[0044] LED^>:7*102 . i; _ j 

0 5©;^';. y't(ommi^mm^mmmrj:i:^c^^xn^ 
ctt^x^^^ Mwm(^at. :c:r^^iymm. n^v^m 

>LED^':.:7Yd:^icJ:*:) v-^^ h . Kig^^-t^ 

-t<>-<-:^h. ±m^^>y'm^mi.^^ct^^x^^^ 

^st^io. ^mi^c^mmm^ntcMxhmi.K c<om 
-^(Dmmm^^t. o. isj£^±o. ssi:xTmf^b 
^fc. * v-h'(DM.i$mrj:mMmffitLx 

tJ3 0 0 // Q - c mfe^T:^W^ b < . <J; ^ U < ti. 
3 mQ- cml^T'C^^^ ^/c. v':^> h * K±tc 
ffiiJtCOLED^'^^^^^^fflg-r-Sli^ti. LED5^-v7> 

tl^o Mi^mt^at. 0. 01cal/(s) (cm') 
CC/cm) J[^_h75W^U<i:0$fS t<ti 0. 5c 
alX(s) (cm') CCycm) cn 

^(DmiF^mfcruntbxiit. m. mxK^m. m 

[0 045] ('r>:^- • K 1 0 6) >r>:h- . i; 

1 0 etLXU. V'j7>h * y- K 1 0 5±tCieg 
$n/cLED5^ >:/l 0 2 iff.M^ti/c^^t^^^-i-'- 

1 0 3 t<Dm^^m^h(Dx$y^, v»^> h • K± 

-ffl 7- 


(ommmm<Dm ^ « , u n . e s ju± i 

0St^T:d5^t?$0l^o ' KtD^fe^^g^ 

v-h'jim(D-m^n\i^ct(,c^^xmm^'^xh 
[0 04 6] -oi:-- 'j-F^j, mmmy^^-x$> 

^C^C<!:?&5^J66ti^o M:i^mj:mMmtiitl.X{t. 3 
0 0 uQ- cmOT^W^ L< . J:D^^0<(i3 AzQ 
-cmJl^T'C^^c Ctl^<D^^^mMitmtLX 

i^, ii. ^Aosi. mx^mRi^m. ik^^-:. 

[0 04 7] (:^-r^-i>^S^l 0 1) :^mmMtfCmi^ 
etl^n-T-^ >5^§|51 0 1 -^e-;!. Fg|5Ml 0 4 
iM^Cv'^^h . y-F^:);0';^:rcc^C:f6n-54>05-e 
LED5^'y7*(Df£31c:^^3^T'S-7:t F;U5^-fe>X 

[0 04 8] ('t-;l^F§mi 0 4) ^-;UFaJMl 0 
4«. ^Tfe^^^^-^Fc^ftffl^^^cjC&DrLED^^';;:?' 
10 2. mmi^y^^-i 0 3. y^t :^-t:>>^m 

-mcmm^m<.>xmm^i^^ctf)sx^^^ ^tc. 
mn^^^t^tifix^hii^^ m^'^-yx^Y^vsmm^ 
m:mm^'±\%mn^^h^m^t<Lti^^x^^. mcc 

^/c. ^-;UF^W1 0 4^BffM(Dff^mc-r-^Ci{c<i: 

r L E D ^ >'*75:> 6 ©^7^^ ft^ $ ii/c 0 fifctJj 5 

-juF^t^i 0 4t*^i^:S/io/c^i^'C^<j:i\ m.wm 
mtf^ h^xwm^^^tx h^wm^^^f^^icmx^ 


10-242513 


W ^ i±r ^> nJ£^5^co n - 7" ^ > Aj: £ ^ -a* r 
ti{c«fe-r ^ c i r «fe<^mx. < ^ # c i :0^r # 

LE y':^^i^mm^^^~/t(D±mycmmf)U 3 0 n 

[0 04 9] m^mm) :^mmM<D^^-(t-}'^ 

Lfcij'i'DX. afe^cD^^C0ii^^C:tel^rti. RGB# 

\'<D^mt}=^mmLxmfrs^i±^fcit>. ^^mi^ou 

-ffl 8 


^fc. ^^0j<D^^^?'>r:f- Ktj. rgb 
o^^yt^'-^t-h'tthcc^mr^ct^x^^. c 

LED^.7^i|^^5CC^^o CCDSOLED^in^ti. 

CDLED^^M^Cg^^ti^. SMfflCDLEDS^^ 
^^^?^CD^^-r K 5 0 1 <D^^^ h »; > ^ 
Xt^^j:i^CiBgUTC^^, CO^CDLED^Tj^^^m 

mtotjii^K mm<DmmmmcciXiD'^x. a^mmt^ 
^t-\'m<DmmMmx\ LEDmmm^mmx^^. 
[ 0 0 5 1 ] L E D^^^tj, mmm^x^^j^Mmm 

i^cj;:-oxm^(Dm^'f)^^m'^mtj:f'^::^y'u>(mt'r^ 
ctf)^xt^„ mmmm^meccTn'r. mmmmu. a 

nm^&iX^hRAM (Random. Access. 
Memory) 60 3 i. RAM6 0 3 CClHtt^tl-Sf^ 
'-^^>6. LE D^^^ 6 0 1 (D^tl'etKD^dt^^ 

5F^^^/^*-6 0 2<!:^^iA^„ P^»MI1SI6 0 4 
^3:. RAM6 0 3(Cfdm$n^f'-^?;^>^6LED*^^ 
6 0 1 0^?fe^>f:t- Fj^iTB#rBl^?S@0T,c^,zS$#-5 

[0 0 5 2] L/c3&5oT. emffiCDLED^ij^^tS. R 
GB(Dr';I/;^^"^^^<i:^;^j:f). Mmmm^mmtX 

^^tmcmsmitx^^. ^otc^. siijcrgbo 

[0 0 5 3 ] ^M^ff^CD^^^^:^- FtS. Sfe^T^y 
-r:t-F (W) <bL/r09co^p< . RGBtC^n^fi^ 

Tfe-r ^^Tfe y F tcfio^r ^ffi-r c <b ^>r ^ . 

Hct^QOOtJ. LED^7j^||cD-^IJ^^U9 0 0*5-^ 

t'r^cti}^x^^^ mm^mfit. ^ey^a-Acom^^ 

m^^. H^-r-^-tatt^Sr^^RAM (Ran 
dom. Access. Memory) RAM^CfB 


[0 05 4] bfc^^-oX. afe.^^:)^^>C^- K^BfrM 

JO 05 5 ] (mnm) :^m3^BM(Dmyc^'{^-\^>^m 
^^bx^ye^-^^ct^^-pjmx^%tmcm:^^t 

WM^^h. ±x<Dmt¥^ir-\=mim^ti^tv]m 

(omwn %m ^ nmm^c y - > ^ a <o%mMxm 
±^nx\.>h^ m^<Dm7mu. ^^ui^x^m^x^ 

inmmmi^m-^m t^^^ctf}sx^^. ^^c^m^ 6 

yt^^t-h^mo^^m^miRT^cttix^^, ceo 

-w 9- 
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[0 05 6] m^^mM.) ifm^m<D^%^^t- 

n.iy- h 7 0 6 JC^W^if ^-Sl^fJ/W>^'-<ai| 

t^cmii^-vi 0 ^^m^t^t^itt^^ ht^7 0 1 

MS^7 0 3p*gCCLED9^^:7*7 0 2^@^r-S. LE 

D ^ y'tmm^j^ ^ - y t(Dmm}mm^WL-:>fc^k. 

LED^>:7-702 iimm^Wlc^mW&Ll 0 3 JiCC^t 

«^i±^o c^i^rs^$n/cLED5^'>:7*ti. >; 
>'i'S#7icS7 0 A.o:>mm^<.:^^-^ummuExn%^ti 

6„ ^7ictS7 0 4(D-7^co^S±^ct3:. m^|^P;5ih<D/c 

mmc. m%^<omwm±m^'LE 
'^'^-jy^imm.^xxxi.^t^\.^mm}L^c^BM%mi o 5 
^m^^mm^^h^^xhh. cn^cj:o. lcd 

<D^^' ^ ^ ^ h tbX-V^mn^ 5 ^ff^tl-SM^^^T^ 

LT^Jffi-r^Ji^t^:. ^7^^^7 0 40^ci±cc;F^ 
[0 05 7 ] 

5 0nm. ¥f[iits3 OniiKDI nGaN4^^^^^© 
^cfflC^/Co \^E\)^vy\%. mn^'ckfc^y 7 ArmWi 
±(CTMG ( h ;?7X. TM I ( h 

^ *9 6 C i J; r NM^mt*-?^ PM^^^^wr 
met} V ^ A^mi^x^^ ai^^Ph m^mm^ Mtc. 


6. CtliCy^y^:;^tLXy y^tT>^::.OJ.^m^ 

Lximdc^it^. ^mtfii4oo' cou^vsmm 
^m. Mmcm^moxnM^'&fc. y\ 

looenmm^titc (Y..,Gd...) ^ai.o.. : 

<^^UrX7';-"<!:^i±;^c„ C©;^ ^ -;^L E D ^ 

/c^Jli^ 1 3 0 -C 1 S^F^rti^^b^^i^/c. C 5 OTL E D 
^ :?*±ccii$ 1 2 0 /iO:7 ^ H^i^^ ^^•ir>;^m3fe^;&^ 

>^mytm^'^.^^c^<ox$>:h. mmmmf^t. ^3. 

^thJi^^^-^y xm^WOTi^y" ^-ti^-(,cj:^ ip^^ 

^^n^-o^^Km^Lxi^fc. 
c 0 0 6 2 ] c ^ i^xm^^tifc^^mmyt^mtmyt 

10 
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^tz^n. fe^,«^(x = 0. 3 0 2. y-0. 28 
0) ^fe?a^8 0 8 0K. Ra = 8 7 

^^iUrm2 5-C6 0mAjiai. m.2bX20m 
Amm. 2aS6 0-C9 0%RHT-r2 0mAMmcD^^ 

^^^^'^xhm^{^^mm-rhmmmm^nrmm<o 

[0 06 3 ] (tmmi) y^hJi^^^>:z^myci^^ 
(Yo.^Gd,.,) .A 1,0,; : Ce;5^6 (ZnCd) 

s : c u . A 1 i Lfcm^t. mmm i tmmc ux^ 

^mmofc^m. mytmmitox\.^fc. 

: 0 0 6 4 ] ctiu. mtmir<Dm:ytam^mc^m 

OmAM^. U^e0VQ0%RHrX2 0mAmm<O 

mm 1 x^i)mm^itmm i ^^nr. 
c 0 0 6 5 ] (^^312) L E D ^ y'<om^mmt^ 
m^mi^^mmm i <=fc o ^> i n (D^ws^it^L^t- 

yti^^Lxmmmi j:KfhGd(D^mm^m'PL (y 
[ 0 0 6 6 ] c ^ i^xui^nfcB^mmyt^mrj:§^yt 

^tl^n. fegi^(x = 0. 375, y=0. 37 
0) . fem4400K. Ra m^mm) -86. 

yt^^ K 1 0 oii^j^Tif ^/c„ m^mmmoytm 

^100%il.l00 0B$^^iif^(cfct:^^iiii^3^g;^ 

ct^^mmx^fc. ciommmoy^ h)i^:^^,^yz 
yhJi^. mio (A) . (B), (o^c^ti^n 
[0 06 7 ] (mmms) y^ hJi^^^>:^m^w^ 

Y. Gd. CeC0#±^7um^jnxSni^^W^1f (Y 
»..!.Gd„.s,C eo.o. Smo..i) 3A 1 .0^,myti$tL 

fcmi^t. mmmi mmi^coxmi^^t-}^^! 0 
ommmLfc. c<o^^y^ir- 1 3 orcDi^^ar 
^^^^'^^^^i^^x^mmmKomt^-^^- \^tim 


1 0 0 6 8 J (mstm4 ) mmomttf-ft- 

1 6 X 1 e®-7 I- y f.^«ci:S5g$#fc. SKi^^e 
5 0 4 rtg|i{CgB@0H^3 #/c. ii^fegpt^ 5 0 5 tt M 

RAM (Random. Acces s. Memo ry) 
SO'RAM{ciBtiSn^,f^-i?d.€.|£^i^^:,-_ p^g^ 

g*^fiSL/c. LED^^H^Igiis^feiiLEDig.^ 
tt {x = 0. 450, y=0. 420) 

Tb^'-'f:*-- Ktt, mmmio:)^ytii''{t-'\=itmbx 
immmi6wimic^Mcm{m^7jkLxi.>tc com 

(B) , (c) (c^n-en^Lr 1,^-5, 
foo7o] (mmmQ) mimQ<Dmt^^t-\= 

mmun^xmtit^t- i o ommf&^Mfc. mm 

tmbx'i^^mm&^t.^tcenviy^t^, m 
^^micis^^ximmmi mmicmtitcmm^'nkL 
Tofc. c<Dmmm<Dy:th)u-^~,-b>xmm l 

SI 2 (A) , (B) . (C)-(C,T^bri»^. 

^0 07 1 ] (*JfeM7) ||^sfi^J7®|fe)fe^^-f:t-K 
«. ^J^5*■b>;^^5fe«:ibr-fiS^CY3 (Al 

-M n 


1 0-2425 1 3 

(A) , (B) . (c) tc^i^Lros. 

foo7 2: immms)m&mB<om:»^t-v 

- I 0 0(iJ|5g!53#)fc. njs^g omtit^ t- K 

mtitcmm^^7rsi.x\.^fc, 

f0 073} (^M9) S|)fe^9c5^6*^f^:^_^- 
W*. i^S{cor«iKi^^^_K;£i 0 0® 

f0074; 

K«. ft^tt^#s;t»Yt /jNMb* 6{ctt 

mfst'tcxmmt^cthx^i,. itc ^^^^ 
afeK LT . AmoBxmNi^mthm^icmwufi 

^\ ^<^mt{.xm-i-i.m^t^[iXipittj:i.,smt 

f 0 0 7 5 ] !^{C. *MI%§9©^3Ei?'^':t- Ktt i^Jf 

Ci*3^t^, #)iim{Cfi^^i5|g:©®-F^^ 
[0076] *«??©|i3e^Vi^J£tt^^$j;<^^ 

T5ci*.-r*5, r^cfe%, m*«cttsiss 
Tfe^^-C Kfctet.rtt§l^i.ie*3ttjfl| pgj^^ 


J: o r ^ J: 0 ^ ^mmi<D^(^^mj: < ^ ^ # ^ 

(Dj^X.:^.)ldf^i^t. L E D ^ > :7-CD^O K1^> :7'J; 0 ^ 
^ ti^mj: < mmr ^ct i)S-^m ttj:^^ 

^'c^M0fcm^^c^t.^xhmy7<D^ytdf^t- h^^^f^ 

LED^^yy'^^i^^ii^^tlz,^^^^ LEDi^cmtf^ 

^^^^mm^in-oxmmm^n^. wcti^^ntc^ 
LED^ vy'i^cmm^tifcmmcomtrj:^^ mmt^c 

^^cim(^cjft^m,m'r^c6^^x^rj:i,>^ ^m^^Mu. 
y:t hJi'^:^^i2>xmytmc^r,xLED^^,y'i}^^o) 

'^^Ct:fy^X^^Wj:m:^^^--y=^t:hCtiitm^ 

^mmmx^^^ 

m4] m4 (A) ts. ^m^BM(^cmm^H^yythJU 
(B) Ei, ^m^m^cm^ti^y^ hJi-^^^^xm 

me] met^t. mb^mi^f^n^LEDm^moy 

mB]mB (A) ^m^m(omMm\ tmsKoic 

omhmm^c^^^^m^mk^n'sL. (b) ti, 
Mmn(ommm i timmcmc^^bfcimm i omit 

KitD^ge 0'C9 0%RHT-C2 OmAiim 

-M 12 
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^^^^i^m^um^mbfc ^y y r^>^, 
^^^"^fcmmm^o^^^jEmmx^ 

[^10]^10 (A) (Y..,GdVj.Al,0 
mm^A 6 0 nm^Wr^^Jfe^i[2CDL ED 9v y'(0 

mit:^-^i^ h^i'^TjT-r. ^10 (c) {t. mmm2<D^ 

minmi i (a)u. (Y..,Gd„.,) 3A i,o 
1. : c exm^ti^mmm boy ^ hJi^^^^ y^zi^^m 
ici$<Dmic:^^ip h mi 1 (b) ^t*- 

mM^U 5 0 n m^W^^IISfe^?!l5 CDL E D ^ > y'o) 

mit:^^^hJi^^^.r. mil (c) tj. mmmbo^ 

[^12]1I12 (A)ti, Y3A1/0.. :Cer^^ 

^ hJi^TT.r. mi 2 (B) ti. ib---i>igg;ou 5 0 
n m^^r^mmm e ©l e d ^ ^ yo^yt^^-^i^ h )\^ 

^TVst. mi2 (C) tJ. ^^6(D^jf>r:^---KC^) 

rai3]lll3 (A) Y. (AU.,Ga„.J ,0 
1. : C QX^^fi^^mmi oy ^ 
itW<r>mt7.^>?V}),^^.r. 013 (B) ti. ^t*- 
^i^^^M 5 0 n m^W-r €>lllt^j7 (Z)L E D ^ y'o 
mt:^^^ YiV^TV^-t^ 01 3 (C) tJ. ||Mf!l7(3D#| 

1 0 K 70 1 • • . y)\^^^^^>7.1fi%^^txfc 


1 0 2. 

2 02.7 02 —* hEU^,:f 

1 0 3. 

2 03 • - -mm^y^^^ 

104- 


10 5- 


10 6- 


2 0 1- 


urn 

2 0 4- 


2 0 5- 


50 1- 


504 • 


50 5* 


50 6- 


6 0 1* 

' * LED^ijT^ 

60 2 • 


6 0 3- 

* • RAM 

6 0 4- 


7 0 3- 


7 0 4- 



70 5. 7 0 7 


t^mV- 1 0-242 5 1 3 

* * 7 0 6 • • . mi'>- h 


miHQ] ^BSlO^l 1^25H 
C^MJfiE 1 ] 

'^t3:_UiEj_^_,,_S m, ) 3 (A I ., r.«_ __j. q 


^^^^**gffc^!L2^«IfctMl-C* SLED? 

rsifobir^^_Kr*,r, B!ri2LED5^'^7-{3: ^ 
^X^i'l-;W4 0 0nm*>65 3 0 nm©*g " 
mita^5b»« (RE, sm 


) 


^ 13- 


[000 n 

:i%?g©ji^5 jrpff^Kj 3f:^j%Bjtt. L E D ^ ^ 7- 

^•5. '^^^^^^r^SLED^.^^e.®^^;^! 
[0002] 

-^e<£ffJfflt,fcLEDT^^^^U^^s^,^ 
^Sfc&tcia, RGB^ci-;6s^^WjrSL E D ? :7- 


f^s^o. mA^m^mtLxost^, ?6fc led 

^^*^^*^fe^l^3-S/cl6^ei^-^ ^_ ^. ^^^^ 

0M±if^t~h'iCJ:^X. laSoL ED 5^ 

^ 0 0 0 6 ] ft<*W{ctt, ^@©x*;l.:p_.o K+- 

m i^txtct, -J 7±^c iK:iegt-.5. L E D ^ V 
L E D5^ .;, e-tlfc^ ir;l.Xf^Aib^ u 

C 0 0 0 7 ] L E D 5^ ^i^h<Dm:^m&^Uc^ 
[0 00 8 J 

rooo9] L^Lt^^i^^ mscm^.i^o^^mi,^^ 
LED5^..^^jafciagL-riBastifcm 


#ggip 1 0-242 5 1 3 

to 0 1 0 ] 

!:^r''^'--'^-'--'^^>^--'^-K©S< 

^©^X^^h;Ml. 40 0nm^.6530nmtc 
^i-^-^-£^^M.-fc^U_0iiix._O.SyS ~ 

E D 9^ 

to 0 1 1 ] sfc^ ^m<Dmmm2o^if^;t- k 
**'^^'S.Lxt,>i>mBMmii^mi^sm=S:m<.>xi>i, 

f 0 0 1 3 J ^|%5g<^j|^j55 ©aTfei^-C:^- K 

too 1 4] Se.{c. *^?g©ff*W6K:i2IS1-S^3fe 
^f-^^J-h-tt. LED9^->7-i^_;UKg|j^i;j;^^ 
^. LED?-;,5-«. 3^-;':^i^-^7-LED©S<*,*,(ciB 

JC®«a?^r^3E^5MiE«:^^^C.ri.5. LED? 
Il^^f'^r 40 0nin*.65 30nm(C 


(RE, 


14- 


(A 1 . Ga ■ ■ , 1 


[0015] 

som<**isiRr^ Cite J: oiSisa. sii#pa©ffiffl 
too 1 6] -r^cto^. ^^fe^r-f:^-_K^cfflo6t^^L 

J: < lifers c i . 
[0017] CHP>0^^-mcti,<Dt bx:^m^m 

■e*S. i|#{C, SYt«5.5R{t^*«<$i or I n Ga N 
thm%t I n Ga N®#fe5fe©jgfe«, ?gfett©mt^ 

15- 
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^e©ee*ff * i 1. 5 *{cfeorfii!©M;^^toif {c« 

[0018] K©-^:&a j {c,t^ 

t. $6{c. ?■;'7•^^^•7•LED©©»f®El^la2{ciK 

^R*^»*fflt,>fcL E D 3^ y 2 0 2 ?:x,-}<+i^^fl|^c 

T^^;£ L E D 9^ 7- 2 0 2 © i gf^fClSt^f 6 n 
(RE, - . Sm. ) a (A U Ga, - , ) 

fcfe©*LEDg^-;,7'. mm^'7^^-tj:tmum 

1i5Ci(CJ:-3TLED5^.>:7-2 0 2^^7b3-eS L 
ED9^-;,7-2 0 2*^6©l65fe4, -e-CD^tcJroraja 

^titcv* ^-^^s*-l^>xm3fe^**^6©^7fe^ei©^lfe 

[0019] (^ytm ^m^BMcmytif-ft- h-icm 
'^^^shtcms.^^mmvmmstixm:-r^7 * 

[002 0] ^mmmic^i.^X'f h >; ^; a • r;U5 ^ 

0. -i'-^ I- ';'i;A©-gp*5(,.(j^($;|. sc 
La, GdRC^SmA^^tj:im^P>mimi,{}>fj: < i ^> 

i>mt±i$>^. Gail n©f5in*.a;)t(a:j^5^-^g^^ 

[0 02 l]®{ci¥L<«. (RE, . . Sm. ) 
3 (A i , Ga, - , ) 5 o, 2 : Ce ({BL-, OSx 
<1. OSy^l. RE«, Y. Gd*>P.jSef?§nS^i> 

fflt,^fcLED?->7-*>€.^^L.fc*4, ;lf7'^_;!75_ 

mmmc^im^. LED5^77>60^i 7 

* l-^^5*-l^>^^m3fe^**»6©f^^ei^^^gfe35^§^^ 

i. efe»©«76fe^n^<&tf^ciAsr-*5, -^©/c* 

^^^-f^-K^^SIiJca, LED?';.7-*^i5,©#Sjei7 

* l■-'^5^^•^^>;<M3fe<**^6©^^fei^st-;^^-S|5^^;S: 

mytm^ 7. y-i v if > i^i^ i' (C i 0 3 -tf 
OJi^ci*(CLEDg^-;.:/;&BguCJ6. 7* ^;^5;^-fe> 

1 ^cl» L 2 W±WTSm>«L E D 9^ 6® jtAS® 
Jipjtg^c*a*girai Ofc®fig©^3fei*'-<:t- oxh 


a js#L E D ? .> y^^ibm^mM-r6mmcm< m 

2J**»Jll^iS^*fC^*3^.L E D ^ . 

-^l- Kg|5tt®«sfliij;5^ L E D ^ :^fci6j*. ^ r 7 =t I- 
JJCi;!^-Ct5. C®J:5^^. v * \- >V^^ ^^^^^^ 

[0 02 3: :^m^m<D^itit^ ^- k® ^ * V = * 

5fi®trKS3nM«*^gigiLr (Ee) =3W- cm 

:oo2 4]^^^{cfflt,.^ns7*^J^,^^,;^^ 

[0 0 2 5 : ajfc. *iO%Bj®^5gi^^^_ p^^^ 


I 0-242 5 1 3 

^^g?r^MLr A 1 : Ga = 6 : 4A.P, 1 • i ©rg, 
Gdrg^^SCi«Y:Gcl = 9: 1*6 1 • 

•^A-tf-a, vmm^w<mm<Dm : g d = 4 ^ i 

2 : 3 omttiC tWimmo^^.V')'^ 
-Fi^6Ci*ir#S, Y:Gd = 2:3J:f) 

W(SJ^)tt. 0. 0 0 3*.e.0. Zm$^i,Ctic 

?ff f 1 " " ° ■ ° ^ 1 0 0 % 

tiyfcw.^^cmifi^&j,^z^ ) 0. oo3*is 

5. ) 

[0028] ^ll^WCD ^jfey-^':^--. K(r> -7 I. ^ 

e^ii^wtcisasf s c i^sHj^r* s. 254 

t-4 5 0 n ml^tia^c i-0»SJSL E D 5^ :r*6©*(C 
d®ito£ttraMW{C^A6n5%£Siti^*^«:OW 

Too°3of' +B*fffl-^«or&«, ) 


-ffl 16- 


^^^¥1 0-242 5 1 3 


CO 03 1 ] ^tc.mit^V'y^^.mmii:^m,.tcLE 
imm^mt, watr^,,:.^^ m^^lVl 

^? ''*^»^^?i^&m-r?,. mm 

fCffiTbr<5, 0. OOOTSrSO. 02(?>|gHr 

17- 



YsAlsOis : Ce 
Y. CAl..,Ga,.4),o„. ce 
Y» (Al,..Ga..s) .O,,: Ce 
CY-..,Gd,.e) ,AUO,e:Ce 
(Y,.BGd,.<) ,A1,0„ : Ce 
(Y,.4Gd,.,) ,AUo,»:Ce 
<Y..,Gd,.,) ,A1,0„ : Ce 


. - . Sm. ) , (A Ga, - , ) , o • c 

C0036J (LED?. 7-102.° 202 702) 
LED?.:7-«. ®iK,^t-J:Mc. 0 

(-flSiCln. Ga, AU N, fib. i os 


e^Se. Te. CmmmmATi,C6mtU^ 
^I?"''^**^"' M^. Be. Ca. Sr B 

f 0 0 3 8 ] -AlC. JfmStltcmti'^:^,,-^^^, 

JO 0 3 9 ] *^qg(D»3fei,^^_ KK^jurae^p 
0 0nn,«±5 3 0nm«T;5WSt<, 420ninW 


i^eS-spi 0-2425 1 3 


coo4n mm^o, ^^103. 203)mmi± 

StLXJtO. OIcal/(s) (cn.M 
Jn)W±*s*fS0<, J:5*fS6<,io. Seal/ 
<s) (cmM CC/cm) ij(±-c*^ {'am 

to 04 2: (VH,>;. V^>f.. 

f0043] LED?..r'-l02i-7^>h . 

Ti^olm 

-^LED9^.;.7-?ci-{cJ:f)v'i7>h . ';-KiS#$lf 
tt3 00MQ-cm«T*s*?*b<. j;5*fa6<« 


tli>.mmcit, 0. 0 1cal/(s) (cmM 
al/(s) (cmM CC/cm) Ja±-c*S. ctl 

[0044] ('r>:^-. y_Kl06) . 
:/;;°^'^^^«- -^-^^^-'^-FlOSitcigg 

C i *^*«{) 6*1 ^ . :R«J«^j:S»jgsti L r « 3 
OOuQ-cniWT*s*f*L<. J:0S?SL<tt3"/zQ 

«. ^. ^i, g^A?)^. ^AO^SC^ai. ^ tg^y.;, 
[0 046] (^-^^V^/gqiOD^lsa^HjKm^ 

fi^*4<!:0rtt, x-i<+i.f»)j|, :z.;ri^j,| ^y3„ 

i-®wi^i4{c@nfcs?§ffi)ii^i§^^c tmm^m 

[0 04 7] (*-;UKWl0 4) ^-;UKg|5t^io 

4«, ^^fe^i'-f:*— K®^£fflffli^^c^c;crLED3^-;,7• 


^^^¥1 0-2 42 5 1 3 
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aWS # 5 C i (c J: r L E D ? > r;- 1 0 2 *^6®ffil6i 

*--'^^•'gp*^l0 4^&§fM®J^tl:{c■rsci{cJ: 
or LE D5^> yA^^<mi/t^mm$iitc*)mm-fifc 

-;^™l0 4ttaifae^:^c«i§r^,J:K 
*-;uKg|it*i 0 4®M^efrt**4iLrtt ±ib 

itfcM;S5Sis«*ffli,>rfM$#r^>^(,.. c®« 

L E D 5^ •:, miii$tii,^C0^^^&tfi4 3 0 n 

[0048] (^^gg) *Mai!g®|fe)ei^-/^- 
LED^,-KS{CfiJfflL/i:«^, RGB^^^-en^f 

fia5®Kg*5. 3<a®S7fey-f:t-F-caesiR^s® 


ofc*5^r, ee,^©»K©«^(cjBt,.ra rgb^ 

tt. *iS»l5§©^3K4^-<:i- K 5 0 1 ©*;£ V 4- 
Xt*:^£fCi3iSL-Cl.S„ C©H©LED^iSS^r{iA 
^mn^mt, RGB©«^ir^;j-_K*iiA^cO c 
RGB|6*4^^:j-f--M0lSij©MSi|5Il^i,£> 

r 0 0 5 0 ] L E Da.TTStt, lgli(ilHl!Sr*6..StT[lliS 

jc J: T a ^ © ^j. ^ ^ _,. ^ ^ ^ ^ ^ 

ffitg^ST*5RAM (Random> Acces s 
Memory) 60 3 i, RAM6 0 3 {Ciatt3*i^7= 

■ri.mmmmmm6 o 4 i . f^mmmm^ e o 4 omti 

m^x:^^^,^:^ifstix, ^^ir^t-y-^^fj^^ 

(*. RAM60 3{CIEtt$nSf^-4r;5.6LEDgiSS 

6 0 1 cm^if^:t- K-^.mmmmuxm$^?> 

^SiSttcWfMfcts. -e©fc*. ^iitcRGBO 
^^^-^ K©^tt{C<*^fetye?ci'©?cU7^^ 

i'^i^sci*s-c*5fe©r-*5, $fc. mtm. 


'iimW- 1 0-2425 1 3 

c 0 0 5 2 ] ^wmmom^if^t-' f«, ae^^^ 

-/=f-K (W) iL.rH9©Sp<. RGBCC-S-ti-e^^ 

3b■r5^5£^^'^':^-_ h-ici]aAxmt^cti,xt?> 

0*9 0 Oi*. LEDjg^nS©-gB^^L9 0 0*s-^ 
^vux(c J: o r ©iHt*ii|.T^ DjtgjScT'^ X 7- n-^ 

tSSi^S. iS^r-5?-tetg#Sr*SRAM (Ran 
dom, Access. Memory) i. RAMfClB 


-ffl 20- 


^ ^"ij-zt, nAMtCge 

.■^tt-3-a-5fc&©|lP(i^;£jggE^^pg|g,^j^^jg^ 

RAMKiBttSn5x-**>6, ^tl^*i<omt^^t 

ccr. &e!is©is^<&^f5ia#tt. RGB# 

225^^'^°P"*«"^«s^*ci*5*f*Lt.. mm 

j 0 0 5 4 ] «t^^) *liS%qg©^^^r^':^-_ K4j| 


10 0 5 5 ] (ffi^^^KTeif ) *l^|g©^3fei^^;^_ 

^»S7 0 3(*3(CLED9^5,^7 0 2*@^-r^ LE 
LED J .7702 *^SlS3n/t#«»S7 0 3±tC3c 

>mmtm o 4©sH{cx^+->^fl|/j;i^^@^5^ 

«*ffi7 0 4©-?Sr©iE±{c(3:, ^31|^|»jt©*: 

>^^^mmi,^m^t^fc. . .i.A«:©s«S^to 7 

[0056] 

5 0 „ m. ^mm 0 n m© I n G a N4^Ji«.:&^« 


10-242 5 13 


21 


€:fJ 0 5 C i K J: r N^^att-<SPS!^S«:** 
J#^»iti ^ > 1 n G a N©ffitt®^ff5 

^'*'**«- 0 0 -cw^rT^-^u^^^r* 

) 

[005 7] x.^>i/{CJ:0PN§4^f^:^E;£Sffi 
1 ° 511!-?^ * ^''^ " ^ A©3fe^(c 
[0 05 9]-:^. ^ 

brtWfcigji). 2g^,f,i4oo- c©sgr3B#ra)» 
^m. 12^. Sf^tciS^iitrffMsefc 7* 

^^'^^^OAMit^iLX (Yo . , Gd„. . ), AI 
^ O, ^ : C e *ijg^3tifc. CeOgteij 
0. 0 3r&o/c. 

t0 08 0]ffJ^5nfc(Y„. , Gdo . ), Al 

^B.mstitcmm'S: 1 3 0 -c 1 rnvwitsart c ^ 

brLED5^-,7-±{cjf3l2 0M©7* h;l-S^-b> 


0 ) ^feS®8 0 8 0 K. R a (fgfeffigjg^) = g 7 
AJJ.Sa6 0r9 0%RHTr2 0n,AiiS«lS 

tYo . Gd„. . ), AU O, , :Ce*6(Z 
OmA,i«, iaS6 0-C9 0%RHTr2 0mAW«,^ 


0Kfem4400K. Ra (fggffigfgj) = g 6 . 

~W 22 


^m^l 0-2425 13 

-^.J-..0(A>. <B). .C)4Jt^ 

Y. Gd. Ce©#±®7c^(c»DAs^^^^^^^y 
Gdo. 5 , Ce„. „ 3 sm„ o , A 

C0067J 


foo6 8j (*J&W5) s^sW5©^6^fe^f^:^-_K 
<0^m.^Amm)^tU = o. 450 42 
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